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A new engineering method for predicting the axial compression buckling load of
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Abstract: Composite stiffened panel is typical structural form, which is widely used in aircraft wing, tail, and
fuselage structures. When suffering aerodynamic loading, such composite stiffened panel on the wing surface of the
wing is under compressive pressure, and this pressure could cause such panel to buckle or even failure. In this
paper, an engineering method of reasonably predicting the buckling load of composite stiffened panels under axial
compression is proposed, according to previous research on the stability engineering method composite stiffened
panels under axial compression and stability engineering method of metal stiffened panels under axial compre-
ssion which has been maturely applied in engineering. Therefore, two kinds of reinforcement composite stiffened
panels (i.e., three types of Y type and two types of ] type) are considered. The axial buckling load of the example is
calculated by using the engineering method proposed in this paper, and the finite element numerical simulation
and test verification are carried out. Compared with the experimental results, the relative error of the engineering

method is less than 10%. Compared with the finite element calculation results, the relative errors of the other

FsBH: 2024-01-05; fEE BHA: 2024-02-21; RABH: 2024-03-03; MLEH AR E: 2024-04-03 13:51:58

M4 B & itk : https://doi.org/10.13801/j.cnki.fhclxb.20240402.003

EISMEE: BB, W5, #0052, WA S0, BF5E 05 10 8 & AR 24T R 2 Q04T | 05 A5 AT, = e G B bR 12447 R B (5
BRI AR, R ARSI A R 55047 E-mail: zhengxt@nwpu.edu.cn

SR TR, KR, TARME, SF. S A RPRHIN AT BE A A T 2 TARME SR ). AR, 2024, 41(9): 4875-4887.
ZHANG Chi, ZHENG Xitao, ZHANG Dongjian, et al. A new engineering method for predicting the axial compression buckling load of
composite stiffened panels|[J]. Acta Materiae Compositae Sinica, 2024, 41(9): 4875-4887(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20240402.003
mailto:zhengxt@nwpu.edu.cn

- 4876 -

EEMRER

configurations are 5% except for one Y-shaped truss stiffened panel which is 10%, which meets the engineering

requirements and proves the effectiveness of this method. This engineering method has been applied in the

development of model aircraft. In addition, it is found that the weakening of the stringer edge of the stiffened panel

will reduce the buckling load of the composite stiffened panel, and the weakening of the middle two stringers of the

Y-stiffened panel can make the stringers more match the stiffness of the skin, and improve the failure strain level of

the Y-stiffened panel.

Keywords: composite material; stiffened panel; axial compression; stability; engineering method
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Fig.1 A typical cross section of a J-Stringer
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Table 1 Structural form and size of stiffened panels =83 ﬁ E3 %‘:2 3, J-17% j:”] ﬁﬁ BE MY )L{EJ N ﬂ* P &E&

Configuration Rib spacing,  Total panel String er %% A %‘:2 4, J-2 1 71[[ ﬁﬁ ¥ B 5 J-1 il Tf 2?:!: 1: @ & :Tit N

L/mm length //mm spacing by/mm K " _ = R

o " o s FF U R BB E SRR L AR T

Y-2 460 600 105 MM LG AR E, EE&FAKER/D 6mm, Y-
Y-3 460 600 105 oA e e

]_1 460 600 105 ]. ﬂﬁﬂﬁbé@*ﬁﬂgnﬁjﬁﬂ»%@a i}ﬂi‘% 50 Y‘Zﬂ

J-2 460 600 105 5 Y-3 BB S Y-1 RAELE g £ L

JIT A 26 A 50 1 1 18 56 B 79 3% 24 45 A 70 mm
1) Je 5 Bt o BEAR 1Y 41 B R T700/BA9916, H: i 1]
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Fig.2 Schematic diagram of section shapes and dimensions of two baseline panels (Unit: mm)
F2 YRERHERSH
Table2 Lay-ups of Y stringer panels
Part Lay-up Total number of layers
Skin [+45/-45/+45/-45/0/+45/-45/0/90] 17
Y stringer vertical web [+45/05/-45/03/90/05]g 24
Other parts of Y stringer [+45/05/-45/05/90] 17
®3 JRERFEESH
Table 3 Lay-ups of ] stringer panels
Part Lay-up Total number of layers
Skin [+45/-45/+45/-45/0/+45/-45/0/90] 17
] stringer [45/03/+45/-45/0,/+45/05/-45/90/+45/03/-45/0,/+45/04/-45] 26

2 AR EE AR A 0] JE 45 BB AR L
BERCES 13 2 2mam g, Hid 3 Fhy B K

2 ffy B, 35 M SAORIINBEESC NG, X HAE
fib s 2 A A I ARG P19 D AT BUIE AR A S0 B



EaMB=ER

- 4880 -
F4 J-1 BESHRIMEERN LTS BT SR R
Table4 Geometric parameters of panel J-1
t./mm t,/mm t/mm w./mm w,,/mm
3.25 3.25 5.45 12 26.89
wy/mm t/mm wy/mm I/mm n
30 2.2 105 600 4

Notes: t,—Thickness of upper protrusion; t,—Web thickness;
t—Lower flange thickness; #—Skin thickness; w,—Upper
protrusion width; w,—Web width; w;—Width of the lower
protrusion; wy—Bar spacing; [—Length of reinforcing ribs;
n—Number of stringer.

®5 Y-1 HESHRIME RN LTS

Table5 Geometric parameters of panel Y-1

t./mm t,/mm  t/mm t/mm w,/mm w,/mm
2.21 3.21 4.42 2.21 10 13.45

wy/mm  t/mm  wg/mm  [/mm w/mm n

22 2.21 105 600 19.35 4
Notes: t,—Inclined web thickness; w,—Inclined web width.

%6 AXTREERITESEIN NGRS i
Table 6 Buckling load of stiffened panel calculated by
engineering method in this paper

Configuration Buckling load/kN
Y-1 600
Y-2 500
Y-3 519
J-1 303
J-2 296
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Fig.3 Finite element model (FEM) of stiffened composite panel
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Fig.4 Boundary conditions for FEM model of stiffened composite panel
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Fig.5 Load-displacement curves of five panel configurations
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(b) Y-2 displacement nephogram
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Fig.6 Displacement nephogram of five configurations under buckling load



-+ 4882 -

EEMRER

R 7 5 MBIEERIG SRS th BT . BRI K FARHME

Table 7 Simulation values of critical buckling load and
global strain level of five panel configurations

Group Critical bucklingload/kN  Global strain level/ 107°

Y-1 535 5594
Y-2 502 5308
Y-3 533 5477
J-1 318 4242
J-2 281 3983

8 5 E SRR EE RS HRA K

Table 8 Numerical simulation of buckling failure of five

panel configurations
Configuration Buckling failure mode
Y-1 Skin buckles
Y-2 Skin buckles
Y-3 Skin buckles
J-1 Skin between two middle stringer buckles
J-2 Skin between two middle stringer buckles

Test machine
pressure head

Displacement
sensor

Lower pressure

: head
Stiffened panel test piece ;

Aluminum frame
with simulated
wing ribs

B 7 ARE IR B SRR

Fig.7 Testitem loading and support status
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Table9 Testload sequence

Testing stage Loading sequence

Stage 1: Preload 10%-20%-30%

Stage 2: Desig 10%-20%-30%-40%-50%-55%-60%-65%-67%
limit load test (Holding load 30 s)
10%-20%-30%-40%-50%-55%-60%-65%-67%-
70%-75%-80%-82%-84%-100% (Holding load
35)-102%-104%......Specimen failure

Stage 3: Design
ultimate load test
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Fig.8 Strain gauge arrangement plan of Y-stringer panel
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Fig. 15 Typical load-strain curves for panel Y-3
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Fig. 17 Typical load-strain curves for panel J-1

Fig. 18 Failure mode of panel J-2
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Fig. 19 Typical load-strain curves for panel J-2
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Table 10 Summary of axial compression test results

P TR L B A LS RBLE ] R A AR .

Configuration Critical buckling load/kN Global strain level/107° Destroy load/kN
Y-1 (Protoquasi structure) 550 4800 674
Y-2 (No free flanges) 470 5 400 626
Y-3 (Unilateral free flange) 500 5900 708
J-1 (Protoquasi structure) 310 4500 476
J-2 (Free flange weakening) 270 4500 442

F 11 #HELERFERICE

Table 11 Summary of failure forms in axial compression tests

Group

Failure mode

Y-1 (Protoquasi structure)
Y-2 (No free flanges)

Y-3 (Unilateral free flange)
J-1 (Protoquasi structure)
J-2 (Free flange weakening)

Crippling after skin buckled
Crippling after skin buckled
Crippling after skin buckled

Global buckling after skin and two middle stringer buckled simultaneously

Global buckling after skin between two middle stringer buckled first

F12 ANIBREZSEHEIEHFITEEMHEESRGELL

Table 12 Buckling load value calculated by the engineering method of this paper and the traditional theoretical method

compared with the test value

Configuration 5;(1131 Zr;:ll\? ntal fﬁfl;:;:rr;lg(;l ethod of Relative error/% ;r:il(t)lg;l&engmeermg Relative error/%
Y-1 550 600 9.09 483 -12.18
Y-2 470 500 6.38 407 -13.40
Y-3 500 519 3.80 449 -10.20
J-1 310 303 -2.26 324 4.51
J-2 270 296 9.63 274 1.48

®13 ANIREZSEHEIEHEITEE M EEESBERIE L

Table 13 Buckling load value calculated by the engineering method of this paper and the traditional theoretical method

compared with the numerical simulation value

Group Value of Engineering method of Relative Traditional engineering Relative

simulation/kN this paper/kN error/% method/kN error/%
Y-1 535 600 10.83 483 -9.72
Y-2 502 500 -0.40 407 -18.92
Y-3 533 519 -2.70 449 -15.76
J-1 318 303 -4.95 324 1.89
J-2 281 296 5.07 274 -2.49
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